NELIOTA is a new ESA activity launched at the National Observatory of Athens in February 2015 aiming to determine the distribution and frequency of small near-earth objects via lunar monitoring. The objective of this 3.5 year activity is to design, develop and implement a highly automated lunar monitoring system, which will conduct an observing campaign for 2 years, starting in the Summer 2016, in search of NEO impact flashes on the Moon. The project involves: (i) a complete refurbishment of the 40 year old 1.2m Kryoneri telescope of the National Observatory of Athens, (ii) development of a Lunar imager for the prime focus with two fast-frame sCMOS cameras, and (iii) procurement of servers for data processing and storage. Furthermore, we have developed a software system that controls the telescope and the cameras, processes the images and automatically detects lunar flashes. NELIOTA provides a web-based user interface, where the impact events, after their verification and characterization, will be reported and made available to the scientific community and the general public. The novelty of this project is the dedication of a large, 1.2m telescope for lunar monitoring, which is expected to characterize the frequency and distribution of NEOs weighing as little as a few grams.
INTRODUCTION
NELIOTA is a new activity initiated by ESA and launched at the National Observatory of Athens, aiming to establish an operational system, which will conduct a lunar impact monitoring campaign to help determine the distribution and frequency of small near-earth objects (NEOs) in the vicinity of the Earth. The project will use the 1.2m telescope at Kryoneri Observatory (http://kryoneri.astro.noa.gr), located in the northern Peloponnese, just 120 km west of Athens, Greece (Figures 1 and 2 ). The goal is to increase the number of detected faint lunar impacts, and therefore increase the statistics to obtain their size distribution, speeds, frequency, and characterize the impact ejecta. By employing a dedicated telescope larger than those used in existing monitoring programs, we aim to push the detection limit for the first time to 12 th mag in the R passband. These data will be valuable for characterizing the meteor environment and providing guidelines to spacecraft manufacturers for protection of their vehicles. *alliakos@noa.gr; phone +30 210 81 09 168; http://www.astro.noa.gr/en/staff/liakos 
SCIENTIFIC RATIONALE
Near-Earth Objects are ubiquitous in the space environment. They are thought to originate from fragments created during asteroid collisions, asteroids diverted from the asteroid belt through the gravitational influence of planets, or cometary debris. NEOs have orbits crossing into the inner Solar System and intersecting the Earth's trajectory, potentially posing a threat to artificial satellites, spacecraft, and astronauts. The atmosphere of the Earth offers protection from all but the largest NEO impacts, which do not completely burn up as they enter the atmosphere, at speeds of tens of km s −1 . However, the surface of the Moon in absence of an atmosphere remains susceptible to impacts by small NEOs and can be used to study their properties.
NEO lunar impacts are observed as bright flashes of light. The impacting meteoroids travel at large speeds (20 to 50 km s −1 ), and thus contain tremendous kinetic energy that causes the rocks and soil on the lunar surface to be ejected in fragments as a result of the impact, heat up and glow. Ground-based observers detect flashes lasting from a fraction of a second to several seconds, with light curves showing a sharp rise and an exponential fading tail. Surveys show a peak in impacts during meteor showers, as the Earth-Moon system passes through relatively dense clouds of meteoroids, when crossing the orbits of comets, however, impacts are detected continuously, and they are not necessarily associated to comet debris or meteor showers. 
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In order to quantify the frequency and characteristics of NEOs, several campaigns are underway, such as the Lunar Impact monitoring at NASA's Marshall Space Flight Center 1 (Figures 3-5 ), the MIDAS project 2, 3 , and the ILIAD Network 4 . [1] reported over 300 impacts down to R = 10.2 mag, while surveying an area of 3.8 × 10 6 km 2 over 7 years. The analysis of 126 lunar impact flashes that were detected during photometric conditions yielded a survey completeness limit of R = 9 mag. The association of certain impacts with meteor streams provided constraints on the impact speeds and thus their kinetic energy.
Lunar monitoring surveys for NEO impacts typically involve small, 30-50 cm telescopes, tracking at the lunar rate, that are equipped with high-sensitivity CCD video cameras recording interlaced analogue images at a rate of 25 frames per second (fps). The non-sunlit portion of the lunar surface is monitored during the phases corresponding to 10-50% illumination. The aim is to maximize the number of lunar impacts detected, by maximizing the lunar surface observed, while avoiding the sunlit part of the Moon. The goal of such surveys is to measure the distribution of sizes and masses of objects impacting the Moon, as well as their flux, and detect a significant number of impacts from which to obtain statistical results on their characteristics.
NELIOTA aims to increase the number of detected faint lunar impacts, and therefore increase the statistics to obtain their size distribution, speeds, frequency, and characterize the impact ejecta. Using the 1.2m reflector telescope at Kryoneri Observatory, manufactured and installed in 1975 by the British company Grubb Parsons Co., Newcastle, we aim to push the detection limit for the first time to R = 12 mag. Note, that the surface brightness of the earthshine ranges between 12 m V arcsec −2 (New Moon) and 17 m V arcsec −2 (near Full Moon), with variations on the timescale of hours of the order of 0.25 m V arcsec −2 due to terrestrial meteorology 5 . Given the expected power law size distribution of NEOs, we anticipate providing significant numbers of small NEOs by detecting faint flashes. These data would be valuable for characterizing the meteor environment and providing guidelines to spacecraft manufacturers for protection of their vehicles, as well as for future space mission planning.
The objective of NELIOTA is to design, develop and implement a highly automated lunar monitoring system using existing facilities at the National Observatory of Athens, Greece. For the first phase of the project, the electronics and mechanical parts of the 1.2m Kryoneri telescope have been upgraded. A dual imaging instrument at the telescope's prime focus along with two fast-frame cameras recording at 30 fps , will be used to simultaneously monitor the non-sunlit lunar surface for impact flashes in different passbands and to reject cosmic rays. Specialized software is being developed to control the telescope and cameras, as well as to process the resulting images to detect the impacts automatically. The NELIOTA system will then publish the data on the web so it can be made available to the scientific community and the general public. Following a 2 month commissioning phase, there will be a 22 month observing campaign for NEO impact flashes on the Moon. The impact events will be verified, characterized and recorded. The 1.2m Kryoneri telescope combined with the two sCMOS cameras will be capable of detecting flashes far fainter than telescopes currently monitoring the Moon. 
OPTICAL DESIGN AND INSTRUMENTATION

Telescope refurbishment
The telescope's components upgrade was undertook by DFM Engineering, Inc. between April and June 2016. The retrofit included: a) replacement of all electronics by a completely modern telescope control system, b) installation of new servomotors and encoders in both motion axes, c) automatization of the dome (for synchronous rotation with the telescope), and d) replacement of the secondary mirror by a new optical-mechanical system (spider ring) with a beam splitter that will host the cameras and allow the imaging at the telescope's prime focus (i.e. transformation from a Cassegrain to a prime focus type telescope). 
Cameras and filters
For the Lunar monitoring two fast-frame Andor Zyla 5.5 sCMOS cameras have already been procured. They are front illuminated, have a resolution of 2560×2160 pixels, a pixel size of 6.5 microns, a maximum quantum efficiency ~60% (at ~580 nm), and a maximum recording rate of 40 fps (via USB 3.0 connection). Our setup will provide a field-of-view ~17′×14.4′. Moreover, a photometric filter will be installed on each camera allowing the simultaneous recording of the Moon in different passbands. In particular, the filters R C and I C (Johnson-Cousins specification) will be used. The R C filter covers the wavelength range between 550-865 nm with a transmittance peak at 598 nm, while the I C between 706-912 nm with a transmittance peak at 775 nm.
SYSTEM DESIGN
The components of the NELIOTA system comprise of the telescope, two fast frame cameras and a data storage and processing system, which outputs detected and validated events to the public. We are developing in-house software to automatically control the telescope, schedule observations and analyze the data, and are also planning the lay-out of the user-friendly, interactive, web-based information services. An expert user will confirm validated events detected by the software. These will be published to our online, interactive web-based system and be made available to public and registered users. Figure 9 . NELIOTA data acquisition, analysis, and distribution system design. 
Telescope and fast frame cameras
As mentioned in Section 3, the Lunar monitoring will use the 1.2m telescope and two fast-frame sCMOS cameras, which are placed in its prime focus. A dichroic filter (cutoff at 730 nm) will play the role of the beam splitter. Each camera is equipped with a filter, placed in front of the chip, in order to record different passbands of the light. In particular, one camera will observe in Red and the other in Near-Infrared wavelength bands (see section 3.2). The reasons for the simultaneous recording are: a) to reject "events" that look like flashes but in fact their origin is either unrelated to NEOs (cosmic rays) or they appear due to technical issues of the cameras (hot pixels), and b) to estimate the temperature of the NEO impact. During the Lunar recording, photometric standard star observations will also obtained, which will provide us the means to calculate the R and I magnitudes of the flashes.
Each camera will acquire 30 frames per second (in 2×2 binning and 16 bit per pixel mode) and the total data transfer rate will be ~160 MB/sec. The cameras use a USB 3.0 connection as communication protocol, but given that the distance between the cameras and the data storage is ~40m, the USB signal will be transmitted through fibers to the servers operating a high-performance storage system.
The Telescope Control System (TCS) interface, provided by DFM Engineering, Inc., is an interactive application running under Windows OS. In addition, the software "TheSkyX" is also available as a planetarium program, which can communicate directly with the TCS using standard ASCOM commands. The TCS computer is connected via Ethernet to the server in order to receive commands directly from the NELIOTA software (see next section).
User Interface
A specialized software is being developed which will provide a computer interface between all individual components. The NELIOTA software will be installed on a Windows Server and will be capable of: a) creating the observing plan of the night (duration of lunar observations, technical frames acquisition, standard stars selection), b) commanding both the telescope and the cameras, c) calibrating the data using the technical frames (i.e. dark removal, flat-field correction), d) analyzing the data for flashes detections, d) providing photometrical calibration and estimating the magnitude of the flashes, e) calculating the selenographic coordinates of the flashes, and f) organizing archive of detected events and supporting information.
The observation planner of the software (Figure 10 ): a) calculates the timing of the flat-field (i.e. before sunrise or after sunset) and dark frames acquisition (i.e. dome and telescope shutters closed), b) calculates the timings of the beginning and the end of the lunar observations, based on the Moon's altitude (i.e. greater than 20-25 degrees) and phase (i.e. between 0.1-0.5), and c) selects the appropriate standard stars, based on their apparent distance from the Moon and their altitude (i.e. similar to the Moon's). Once a recorded "event" is detected in the data as a potential NEO impact, then the expert users will have to check the respective images and characterize it as true or false. After the validation, the frames immediately preceding and following the event will be archived. These frames will be calibrated using the technical frames and the background will be removed. Then, another algorithm will detect the photocenter of the flash and apply aperture photometry for calculating its intensity. Standard stars located approximately at the same airmass with that of the Moon will be observed regularly (e.g. every 15-20 minutes). In this way we avoid calibrating the first and second order atmospheric extinctions, so the magnitude estimation of the flash becomes a very simple calculation. Using the same aperture as that for measuring the flash, the software will calculate the intensity of the standard star, and by comparing these intensities we will be able to calculate the magnitude of the flash. This procedure applies to both R and I filter images. Finally, by approximating the flash as a black body and by using its R-I colour index, we will be able to estimate its temperature, which provides valuable information regarding the energy and the dimensions of the NEO. The localization of a NEO impact will be made by using a detailed map of the Moon as reference. The user will have to match surface features of the Moon between the image map and the observed frames and then the software will calculate the selenographic coordinates of the impact. However, an algorithm to automate this process is under consideration. Figure 11 . The NELIOTA user interface to control the processing for events detection.
Data Storage
A high performance data storage is used to store the large number of images. It consists of 32 hard disk drives (1.2 TB each, 10K rpm), which are organized in RAID-5 parity in order to provide robustness against failure, and provide available capacity of 26 TB. The maximum duration of the observations is ~6 hours, during which ~3.5 TB of data will be recorded. Given the limited space of the data storage, the software (Section 4.2) will analyze all the data, within 24 hours of the observation, and only those images in which an "event" has been detected will be archived permanently. This amount of data is expected to be only tens of MB per night, given that the impacts' duration ranges between tens of a second to a few seconds, while their appearance frequency is expected to be ~1-2 impacts per 2-3 hours. The rest of the data, after a short period of time, will be deleted. The detected events data produced after a night of observation will also be copied and sent to another server at the premises of NOA at Penteli, Athens for permanent archiving.
Web Interface
To distribute the data to the public a website has been created and is hosted in a information-purposes server at NOA. After the positive validation of an event by the expert users, the data will be archived and uploaded to the website. The public user of the website will be able to see the images of the impact, while the registered user will also be able to download them (as archives) along with all the available ancillary information (time, location, duration, temperature, etc.). 
News
National Observatory of Athens in February, 2015. It aims to determine the distribution and frequency of small near -earth objects (NEOs) via lunar monitoring for impacts of NEO objects. The NELIOTA project is using existing facilities at the National Observatory of Athens to establish an operational system that will monitor the Moon, looking for faint NEO impacts. The project involves upgrading the 12m Kryoneri telescope, located in the Northern Peloponnese, in Greece, as well as procuring two specialised fast -frame cameras. Specialised software is being developed to control the telescope and cameras, as well as process the resulting images to detect the impacts automatically. The NELIOTA system will make the data available to the scientific community and the general public via this webpage. 
